Abstract-This paper points out some special properties of LexiT orderings for strict t-norms. Among these properties is that the comparison of two n-tuples takes at most n steps for strict t-norms, and that distinct strict t-norms yield distinct orderings.
I. INTRODUCTION
Triangular norms have been used in many applications. One important application is multi-criteria decision making. Let T be a t-norm. Let A and B be two alternatives and let ai and bi be their respective degree of satisfaction to the 6th criteria. If our desire is to satisfy all the criteria then T(a1, . . . , a,) and T ( b l , . , , , b,) are the scores corresponding to the degrees to which this requirement is satisfied by each of the alternatives. Using these scores we would prefer the alternative with the larger score.
An important issue that arises in these types of applications is the adjudication of ties. That is if T(a1, . . . , a,) = T ( b 1 , . . . , b,), we need a method to select between these alternatives. In [ 11 the Leximin ordering was introduced which uses the Min t-norm to select alternatives and which avoids the problem of ties. This is applied by putting the components of the tuples, ( a l , . . . , a,) and ( b l , . . . , b,) in increasing order using 5 and then use a lexicographic comparison. In [3] we generalized the Leximin ordering to a LexiT ordering for any t-norm T , yielding a general method to select alternatives and in which ties do not occur. We also note in [3] an analogous method using t-conorms. We now describe the LexiT procedure. strict t-norm.
EXTENSIONS OF LEXIT ORDERS
First we prove a stronger version of Theorem 5 for strict If a = (a1,a2 ,..., a,) is an ordered n-tuple, let ( a , s ) denote the n + 1-tuple (a1 , a2, . . . , a,, z) put in ascending order.
t-norms. 
. , a p )
Then is the 2"+l-tuple
put in ascending order, and similarly for G. To simplify the proof, whenever 2, = T (?it, x ) put 2, before T (Zit, x ) in the ordering of c x , and similarly for b, x.
< &.
. Thus we may assume that k h 2 2. Since 
The third possibility is that there are entries between
T (&-1,x) and T ( & , x ) but none between T &-1,x)
and
Finally, the last possibility is that there are entries be-( z k , x ) and also entries between
we know that j < k. 
T ( 2 1 , x ) = T ( & , x )
Second, suppose that there are no entri% between
but there is some bt between . Then, because G j is the largest
equal to T (&, x ) , we know that Thus in any case, (a, X ) <LexiT (b, 2).

Theorem 8: Let T be a strict t-norm and let x = ( X I , . . . , xn). Then a < L~~~T b if and only if (a, x ) < L~~~T (b,x)
. Proofi Add the xi's one at a time and apply Lemma 7.
This says that if a < L~~~T b and if more criteria are added to each and these criteria are tied, then the order relation stays the same. This is also true if the criteria values added to b are each larger than those added to a.
This theorem may be relevant for dynamic programming, for example, when finding an optimal path in the sense of the LexiT ordering in a graph. See [2] for an instance in the Leximin case.
COMPLEXITY FOR COMPUTING LEXIT
We have the inequality ( a l , az, . . . , a,) < L~~~T (9,9,. . . , k, ) if and only if (21,2z,. . . , a 2 n ) <L   ( b l , b 2 , . . . , b p ) where <L indicates lexicographic order. One might assume that this comparison will take 2" steps, wheLe by a "step" we mean computing the two products 2i and bi and comparing them. For strict t-norms, this is not the case. By induction, this can be done in n -1 steps, the first of which has already been carried out.
From the proof of this theorem, a simple inductive argument spells out exactly what needs to be computed for LexiT with T a strict t-norm.
Corollary IO:
If T is strict and a1 # 0, then   ( a l , a z , . . . ,a,) <LeziT ( b l , b 2 ,..., b,) if and only if (T(a1, az,. . . ,an), T ( a , a 2 , . . . , a,-l) , . . , , T ( a~, a z ) , a l ) <L(T (bl, b 2 , . . . , bn), W l , bz, . . . , bn-l), . . . , T(b1, b z ) , bl).
One might ask whether this result holds more generally, for example, for nilpotent t-norms. However, Lemma 7 does not hold for nilpotent t-norms, as shown in the following example. which implies that b < L~~~T~ a. It follows that LexiTl # LexiT2.
The fundamental algebra associated with a t-norm T is ( [ 0 , 1 ] , A, V, T , 0 , l ) . Any two strict t-norms produce isomorphic algebras and any two nilpotent t-norms produce isomorphic algebras. This follows immediately from the basic theorem in t-norm theory that assures that all such t-norms have a generating function. Given this fact, one might assume that any two strict t-norms give the same LexiT ordering and any two nilpotent t-norms give the same LexiT ordering. In fact, as was shown in Theorem 12, just the opposite is true. However, two strict t-norms do give isomorphic linear orderings on [0, l] [,], as can be easily verified.
